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MAGNESIA INSULATED HEATING ELEMENTS 

This is a division of application Ser. No. 11,068, ?led 
Feb. 12, 1979, now US. Pat. No.l4,234,786. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to tubular, 
electrical-resistance, heating elements and is more par 
ticularly concerned with novel sheathed elements hav 
ing superior performance characteristics, with a method 
of making these‘ novel elements, and with a new 
magnesia-base composition having special utility as a 
thermally-conducting, electrically-insulating, packing 
material in these elements. 

Heating elements of the type comprising an inner, 
electrically-resistive conductor, a surrounding layer of 
magnesia electrical insulation, and an outermost protec 
tive jacket are widely used in many industrial heating 
devices as well as in devices such as domestic ranges, 
dishwashers and water heaters. This type of heating 
element is much more durable than, for example, ex 
posed resistance wire. Structurally, it usually includes: 
(1) a coiled resistance wire composed of alloys such as 
those made up of 20 percent chromium and 80 percent 
nickel; (2) compacted magnesia powder containing 
minor amounts of impurities surrounding the resistance 
‘coil as an insulator; and (3) an outer protective metal 
jacket. 
Over the long period in which such elements have 

been in general use, they have been developed and 
improved to a state of good performance and service 
life, meeting high safety standards and competing with 
consistent success with gas and high-frequency current 
heating devices. At the same time, however, it has long 
been recognized that a substantial increase in the ther 
mal conductivity of the magnesia insulation employed 
in these elements would be desirable. Increased thermal 
conductivity results in decreased wire temperature, a 
significant factor in length of service life of these ele 
ments. This objective, however, would have to be real 
ized without incurring any substantial offsetting disad 
vantage of cost of production or operation, impairment 
of efficiency of these elements, or signi?cantly reduced 
electrical resistance. 

BRIEF DESCRIPTION OF THE INVENTION 

In accordance with this invention, tubular heating 
elements having superior operating characteristics can 
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be produced. Moreover, no substantial modification of 50 
the principal operations involved in commercial pro 
duction is required in the manufacture of these ele 
ments. 

This invention is predicated upon the discovery that 
certain materials in particulate form, when added in 
amounts as small as 0.1 percent to granular, fused mag 
nesia, improve thermal conductance without signi? 
cantly affecting electrical leakage. 
More particularly, it has been found that an improved 

thermally-conducting filler for sheathed electric resis 
tance heaters can be formed from a uniform mixture of 
granular magnesia and a minor but effective amount of 
a glass which has a glass transition temperature below 
about 700° C. and resistivity greater than about 107 
ohm-cm at 600° C. Cabal glasses are such materials and 
they are composed of calcia (CaO), boron oxide (B203) 
and optionally alumina (A1203). Such glass is believed 
to bridge between particles of magnesium oxide so as to 
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2 
reducethebarrier to heat transfer normally present at 
such interfaces. Surprisingly, the glass does not appre 
ciably reduce the electrical properties of the insulation. 
A large loss in electrical insulation would be expected 
as most common glasses become very poor insulators at 
range element operating temperatures (750°-ll00° C.) 
and thus the glass addition would be expected to reduce 
electrical resistance drastically. 
However, since the preferred glasses possess electri 

cal resistivities higher than those of more ordinary 
glasses and since the improved thermal conductance of 
the magnesia-glass insulating mix lowers the average 
operating temperature of a sheated heater, electrical 
leakage in an operating unit is not drastically reduced, 
and, in fact, can even show an improvement. 

Glasses which are not useful in accordance with this 
invention are those which are refractory and those 
which are composed of oxides not thermodynamically 
stable under the very low oxygen partial pressures pre 
vailing within these tubular heating elements and nor 
mal operation. Thus fused silica, for example, does not 
meet the former requirement, and glasses containing 
oxides of copper, lead, nickel, cobalt or silver fail to 
meet the latter requirement. On the other hand, alkali 
metal silicate glasses and alkaline earth metal silicate 
glasses as well as borate and borosilicate glasses meet 
both these requirements, but even so only those having 
resistivity greater than about 107 ohm-cm at 600° C. are 
useful in the practice of this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an1 enlarged, side-elevational view of the 
heating element of the invention, portions being broken 
away for purposes of illustration; 
FIG. 2 is a chart bearing curves comparing the spe 

citic impedance or resistivity of Cabal glasses with con 
ventional commercial glasses; 
FIG. 3 is a chart showing the improvement in ther 

mal conductivity of magnesia insulation with additions 
of Cabal glass #1; and 
FIG. 4 is a chart bearing curves showing the tempera 

ture difference between the outside of the sheath and 
inside of the helix in which typical magn‘esia insulation 
is compared with magnesia insulation of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings, FIG. 1 is a conven 
tional tubular heater comprising a helical resistance 
wire 1 disposed within an outer protective metal jacket 
2 and is embedded in and spaced from the jacket by 
compacted magnesia powder and Cabal glass which 
provides both good electrical resistivity and superior 
thermal conductivity. The element is fabricated in ac 
cordance with the usual practice in the art whereby 
after assembling the parts the element is conditioned at 
an elevated temperature of about 1100° C. The ?ller 
composition of the invention can comprise from about 
0.1% to about 10.0% and preferably from about 0.25% 
to about 2% of a glass comprising from about 10 to 
about 50 mol percent CaO from about 30 to about 90 
mol percent B203 and from about 0 to about 30 mol 
percent A1203. Minor amounts of other ingredients can 
be employed but the filler should be substantially free of 
conductive materials such as iron, alkalis, and/or easily 
reducible oxides such as lead oxide and zinc oxide. Re 
ducible oxides should be avoided since oxygen pres 
sures of below about 10-15 atmos. can occur. Two 
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preferred glasses comprise the‘ ingredients and propor 
tions enumerated in the following Table I: 

TABLE I 

COMPOSITIONS OF PREFERRED GLASSES 
Composition in mole % 

Cabal #1 Cabal #2 

Cal) 42.2 25.9 
B203 42.1 61.4 
A1203 15.7 12.7 

From the data reported in FIG. 2, it can be seen that the 
Cabal glass additive should have a resistivity greater 
than 107 ohm-cm at_600° C. 
The mixture may include a wide variety of particle 

sizes both of magnesia and the Cabal glass or other 
similar glass as described above, the magnesia prefera 
bly, however, being a mixture of particle sizes from 40 
mesh to below 325 mesh (U.S. standard screen series). 
The Cabal or similar glass is of a particle size not larger 
than that of the largest magnesia particles of the mixture 
at the outset of the compaction operation and prefera 
bly ?ner than 100 mesh. Also, as indicated above, a 
mixture of additives can be employed providing they 
meet the foregoing requirements. 
The following examples will serve to illustrate the 

invention and preferred embodiments thereof. All parts 
and percentages in said examples and elsewhere in the 
speci?cation and claims are by weight unless otherwise 
speci?ed. 

EXAMPLES 

For evaluation of the invention, units were con 
structed from iron-nickel-chromium alloy tubes of 0.315 
inch outside diameter, 0.020 inch wall thickness, and 15 
inches long. Helices were of 23 ga nickel-chromium 
alloy wire wound on an 0.074 inch mandrel. They were 
spot welded to terminals of stainless steel tubing of 
0.094 inch outside diameter. The tubes were installed 
vertically in the loading ?xture and the helix stretched 
centrally within the tube. A 24 ga but welded Chromel 
Alumel thermocouple was stretched longitudinally 
within the helix. The junction was maintained at the 
mid-point of the sheath tube length and either end ex 
tended through the terminal tubes. Ceramic thermo 
couple tubing centered the thermocouple wires within 
the terminal tubes and isolated the thermocouple from 
the terminals. The unit was loaded with an intimate 
mixture of GE No. 12701 grade magnesium oxide and 
Cabal glass and the tube vibrated to compact the mix 
ture. Ceramic seals and polyethylene washers were used 
on both ends of the units. After loading, the units were 
roll-reduced to approximately 0.272 inch outside diame 
ter and annealed at a temperature of approximately 
1080" C. for approximately 12 minutes with exothermic 
gas. Based on a calculation of sheath length within the 
hot zone of each unit, the'unit was energized at 48.6 
watts/inch and internal and external temperatures mea— 
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4 
sured by means of the respective thermocouples. The 
thermal conductivity was then calculated. 

Compositions were prepared by adding amounts 
ranging from 0.25 percent to 3 percent Cabal glass No. 
l of —200 mesh particle size to magnesium oxide of 
—40 mesh particle size. The mixtures were incorpo 
rated into heater sheaths in accordance with the afore 
said procedure and the results for a plurality of heaters 
plotted and compared with a heater containing only 
magnesium oxide as the insulating material, which data 
is presented in FIG. 3. As can be seen, the thermal 
conductivity for units containing only magnesium oxide 
is found to be 11.5 whereas a unit containing 0.25 per 
cent Cabal glass has a thermal conductivity of 14.7 and 
a unit containing 3 percent Cabal glass has a thermal 
conductivity of 21.6 BTU-in./hr.-ft.2-°F. Similarly, as 
shown in FIG. 4, compositions of the invention incor 
porating 3 to 6 weight percent of Cabal glass No. 2 are 
approximately twice as thermally conductive -as the 
prior art magnesia compositions, permitting lower 
heater element temperatures and longer heater element 
life. 
While the above examples are meant to be illustrative 

of the invention, it will be apparent to those skilled in 
the art that obvious modi?cations can be made without 
departing from the scope of the invention and accord 
ingly the invention is intended to be limited only by the 
appended claims. 
With regard to FIG. 2, the soda lime glass and the 

borosilicate glass noted in the Legends are products of 
Corning Glass Works marketed under numbers 0080 
and 7740, respectively. 
We claim as our invention: 
1. An electrically insulating tiller showing improved 

thermal conductance without signi?cantly affecting 
electrical leakage and having special utility as a ther 
many-conducting and electrically-insulating ?ller for 
sheathed electric-resistance heaters consisting essen 
tially of a uniform mixture of granular fused magnesia 
and from about 0.1% to about 10% of a glass having 
resistivity greater than about 107 ohm-cm at 600' C. and 
additionally having a glass transition temperature range 
below about 700' C. and being thermodynamically sta 
ble in the presence of oxygen partial pressure of 10“15 
atmosphere in the temperature range of 750' to 1 100° C. 
wherein the glass consists essentially of from about 10 to 
about 50 mol percent CaO, from about 30 to about 90 
mol percent B103, and from about 0 to about 30 mol 
percent A1203, said ?ller being substantially free of 
electrically conductive metal materials, alkalis and/or 
easily reducible metal oxides. 

2. The composition of claim 1 wherein 
the glass comprises 42.2 mol percent CaO, 42.1 mol 

percent B203, and 15.7 mol percent A1203. 
3. The composition of claim 1‘ wherein 
the glass is present in an amount from about 0.25% to 

about 2%. 
t * * t i 


